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An extended-release  injection,  which  is  administered  at a  rate  of 1  mg  eprinomectin/kg
body  weight,  has  been  developed  to provide  up to 150 days  control  of  parasites  of cattle.  The
product can  facilitate  the achievement  of  two  of  the  fundamental  aims  of parasite  control.
The ﬁrst  is  protection  of  the host  against  the  negative  impact  of susceptible  parasites  in
order to  ensure  control  of  disease  and  to  enhance  performance.  The  second  is  to reduce
parasite transmission  and  hence  the  challenge  to animals  when  grazing.  In  addition,  farmers
and veterinarians  can  beneﬁt  from  high  levels  of  convenience  and  hence  compliance  from
a single  administration,  which  also  limits  handling  stress  in  the  cattle.  This  introductory
paper  provides  some  perspective  on  the practical  applications  for this  extended-release
product  under  various  husbandry  systems  and  in different  classes  of  cattle  and  discusses
its role  in  sustainable  parasite  control.
 . Introduction
An eprinomectin extended-release injection (ERI) has
een  developed to provide long-term control of parasites of
attle.  The product comprises a 5% sterile solution of epri-
omectin that is administered at a rate of 1 mg/kg body
eight, equivalent to 1 ml/50 kg body weight, by subcuta-
eous injection in front of the shoulder. The eprinomectin
s formulated in a solvent that includes a polymer, which
lowly releases the active following injection. Pharmacoki-
etic studies reveal a unique pattern of release with a peak
n  plasma concentrations of eprinomectin occurring within
 few days of injection, followed by a gradual decline in
oncentration to ∼Day 25, then staying constant to around
ay  70. Thereafter, plasma concentrations rise, creating a
econdary  peak at ∼Day 90–120 followed by a decline out
o  Day 160. This pharmacokinetic proﬁle is reﬂected in the
herapeutic and preventive efﬁcacy of the product against
ctoparasites and endoparasites, described in this volume.
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This proﬁle affords the ability to effectively treat existing
infections and also to prevent new infections of susceptible
ectoparasites, gastrointestinal nematodes and lungworms
from establishing in treated animals for species-dependent
periods of between 100 and 150 days after administration.
1.1. Value of extended long-action parasite control in
cattle  in operations
For  many livestock producers, convenience is one of
the  strongest drivers in the choice of products for para-
site  control. Convenience in this context incorporates ease
of  administration, minimising additional animal handling,
and  adaptability to various grazing and management sys-
tems.  These preferences are reﬂected in the popularity
of medium-acting (e.g., 3–6 weeks) topical anthelmintic
formulations, sustained-release intra-ruminal boluses, and
extended-activity injections among cattle producers. Long-
Open access under CC BY-NC-ND license.acting  anthelmintics can provide season-long control with
a  single administration, not only of parasitic gastroenteritis
(PGE), but also of parasitic bronchitis. The value that pro-
ducers  place on the convenience and productivity beneﬁts
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of long-action anthelmintics can be judged from the fact
that such products command an important share of the
market, even though the unit cost is typically higher than
that of shorter-acting products.
While the main incentive for the development and use
of long-acting parasiticides in cattle is the control of para-
sitic nematodes, they also can be valuable in the control of
several species of parasitic arthropods of veterinary impor-
tance. Efﬁcacy at, or close to, 100% against target obligate
ectoparasites and protection against new infestations for
several weeks or months after administration are prereq-
uisites for effective control. These attributes are essential
for use in eradication programmes for those parasites for
which elimination on a regional or national basis is a realis-
tic option, such as Hypoderma spp. The combination of high
efﬁcacy and ultra-long duration of activity in eprinomectin
ERI makes it a valuable addition to the veterinary arma-
mentarium for the control of some species of ectoparasites,
as well as endoparasites in cattle.
The practical application and use of long-acting
anthelmintic formulations in the control of parasitic nema-
todes in cattle rest on a number of criteria, including
parasite epidemiology, seasonality of grazing, class and
physiological status of the animals, and production targets.
The geographical location has a strong inﬂuence because of
the effect of latitude on the species of parasites present, the
ecology of free-living stages, and the seasonal patterns of
exposure and acquisition of infection. The main cattle farm-
ing regions of the world – North America, South America,
Europe, and Australasia – include temperate, Mediter-
ranean and sub-tropical zones, each with their own suite
of parasites, periods of risk and management types.
One generalisation that can be applied to all the regions
is that younger cattle are typically more susceptible to
clinical parasitic disease than adults, because they lack
functional, acquired immunity to some nematode species
until they have been exposed to infection for several
months (Armour, 1989). Another generalisation is that,
while adult cows are considered less susceptible to PGE
insofar as they rarely suffer from clinical disease, they
do, however, commonly harbour signiﬁcant worm popula-
tions, particularly of Ostertagia ostertagi in the abomasum
(Agneessens et al., 2000; Borgsteede et al., 2000; Burrows
et al., 1980; Murphy et al., 2006). Furthermore, recent
research has shown that over a third of adult cattle at
slaughter have extensive gross, pathological changes in
the abomasal mucosa, typical of ostertagiosis (Larraillet
et al., 2012). Manifestations of gastrointestinal parasitism
in cows include loss of appetite, reduced milk yield and
poor reproductive efﬁciency (Forbes et al., 2004; Gross
et al., 1999; Stromberg and Corwin, 1993).
The signiﬁcance of worm burdens in adult cattle is that
they may  contribute to pasture contamination with infec-
tive larvae, particularly in cow-calf operations (Yazwinski
and Tucker, 2006), with important epidemiological con-
sequences for their calves (Stromberg et al., 1991). The
importance of the cow as a pasture contaminator is some-
times underestimated because their faecal egg counts (FEC)
are generally low. However, FEC is a measure of concentra-
tion and when the weight of faeces produced by a cow per
day (∼30 kg) is used to estimate the total egg output, then agy 192 (2013) 308– 312 309
cow with an FEC of say 20 eggs per gram (EPG) will deposit
600,000 eggs per day on the pasture. Furthermore, because
of acquired immunity to other species, the egg output com-
prises largely O. ostertagi (Couvillion et al., 1996), one of
the most pathogenic species for calves. In one study it was
shown that over a grazing season, the cow was responsible
for over 50% of the egg deposition on pasture, compared to
her calf (Stromberg and Averbeck, 1999).
1.1.1. Young cattle
The beneﬁts of long-term control of PGE through
the strategic use of anthelmintics administered early in
the main grazing season has been demonstrated repeat-
edly, particularly under European conditions (Shaw et al.,
1998b), but in other regions as well, including in North
America (Herd et al., 1987; Purvis et al., 1994). This
approach is most readily applicable to fall-born calves dur-
ing their ﬁrst grazing season but can also be used in cattle
in their second grazing season (Rickard et al., 1991; Taylor
et al., 1995b).
In Europe, a signiﬁcant (P < 0.001) positive association
has been shown between the duration of nematode con-
trol, through the use of anthelmintics, and growth rates in
young cattle over the grazing season (Shaw et al., 1998a).
Thus, cattle in which parasite chemoprophylaxis on pasture
lasted less than 15 weeks gained on average 95 kg during
the grazing season, while those with control lasting longer
than 15 weeks had total gains of 108 kg.
If strategic programmes are not implemented, then
anthelmintics can be used once the risk of PGE increases,
typically from the middle of the main period of transmis-
sion during the grazing season. Anthelmintics given during
this period can help avoid disease and mitigate the impact
of PGE on livestock performance (Satrija et al., 1996).
Regardless of whether a strategic or a tactical approach to
the use of anthelmintics in calves is used, there are advan-
tages in terms of convenience and compliance in using
long-acting products (Forbes and Rice, 2000).
In cow-calf beef systems, in addition to regional differ-
ences, husbandry also inﬂuences the epidemiology of PGE
in calves, so treatment times are based more typically on
management activities, such as weaning or relocation to
fresh pasture. Production beneﬁts in young cattle from the
use of long-acting anthelmintics have been demonstrated
under a variety of management systems, in stockers in
North America (Williams et al., 1995) and in weaned calves
from spring-calving beef suckler systems in Europe (Forbes
et al., 2002).
An important consideration for long-acting
anthelmintics is whether their use may  reduce con-
tact between the host and the parasite to a level that
severely limits the development of acquired immunity
and hence results in animals being more susceptible to
the effects of nematode parasitism, once the period of
anthelmintic activity is over. This issue has been addressed
in a number of studies and the consensus is that ani-
mals treated in their ﬁrst grazing season may  display
some reduced immune protection when subsequently
artiﬁcially challenged with high infective doses of larvae.
However, under normal husbandry conditions, second
grazing season cattle (and adult cows) are exposed to
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nly low levels of over-wintered larvae following turn-out
n the Spring and consequently no signiﬁcant negative
ffects on the occurrence of clinical disease or growth per-
ormance have been observed (Armour, 1989; Claerebout
t al., 1998; Larsson et al., 2011; Schnieder et al., 1996;
aylor et al., 1995a; Vercruysse et al., 1995).
.1.2. Adult beef cows
Anthelmintic treatment of adult beef cows for gastroin-
estinal parasites is common in some parts of the world.
n North America, a case has been made for parasite con-
rol in cow-calf operations, including cow treatments, to
e one of the most cost-effective pharmaceutical interven-
ions available (Lawrence and Ibarburu, 2006).
The twin objectives of nematode control in beef
ows are ﬁrstly to decrease worm egg output at epi-
emiologically important times, so that potential pasture
ontamination with infective larvae is reduced, secondly
o ensure that the cows remain in good condition in order
o milk and rebreed efﬁciently (Stromberg and Gasbarre,
006).
Field studies on the effects of anthelmintic treatment
n adult beef cows have demonstrated reduced cow worm
gg output and reduced pasture larval contamination
Stromberg et al., 1991) and increased milk production and
mproved reproductive performance in beef cows (Holste
t al., 1985; Stromberg and Corwin, 1993).
The net result is that pre-weaning suckling calf perfor-
ance can be improved through a lower parasite challenge
nd better nutrition (Stromberg, 1997; Stromberg and
asbarre, 2006). Given that in some studies cows were
reated more than once with a conventional anthelmintic
nd given that the period over which potential beneﬁts
o both cows and calves can extend over several months,
here is an argument for including the use of long-acting
nthelmintics in beef breeding operations.
.2. Sustainable parasite control programmes
An inevitable issue that features whenever anthelmintic
reatments are discussed is the question of resis-
ance. Long-acting formulations raise additional concerns
ecause of the prolonged selection pressure on any genes
hat encode for resistance that are present in the parasite
nfra-population. Most research and simulation modelling
o date on this subject has been conducted in sheep (Barnes
t al., 2001; Dobson et al., 1996) and any extrapolations
o cattle must be guarded. The complexity of differential
election pressures on parasite populations at the start of,
uring and at the end of long-acting anthelmintic treat-
ent has not yet been addressed in cattle.
Although the whole subject of anthelmintic resistance
n cattle is outside the scope of this short, introductory
aper, some speciﬁc and general comments on epri-
omectin ERI and resistance selection are offered. In the
rst instance, while plasma levels are therapeutic through-
ut the treatment period, the twin-peak plasma proﬁle
f eprinomectin ERI may  reduce selection pressure by
roviding a second peak with plasma levels well above
hose needed for efﬁcacy. Then the subsequent, predictable
elease proﬁle of the ERI formulation reduces the lengthgy 192 (2013) 308– 312
of time, post-therapeutically, that any incoming larvae are
exposed to sub-optimal dosages of eprinomectin.
The principles for mitigation of the risk of resistance
selection are essentially the same in the use of long-acting
products as they are for shorter-acting products. Thus if
resistance is already present in a parasite population, then
treatment with an anthelmintic with a different mode of
action at the start and/or ﬁnish of the period of activity of
a long-acting formulation may  be indicated to prevent the
establishment or persistence of resident adult worms.
An important underlying pillar to most expert advice
on reducing selection pressure and mitigating the effects
of parasiticide resistance rests on the management of refu-
gia (van Wyk, 2001). Extrapolating from research in sheep
(Leathwick et al., 2009), within a group of treated cat-
tle, a small proportion could be left untreated to allow
unselected worms to dilute out any resistant larvae on
the pasture. In cow-calf operations, the refugia may  be
enhanced naturally by the co-grazing of adults and calves
when one or other of the age groups are untreated. Further,
with adequate monitoring of individuals or sentinel groups,
treatment can be targeted on sub-groups or cohorts of ani-
mals in order to optimise performance (Epperson et al.,
2001; McAnulty et al., 2011). If resistance is suspected, then
the pasture on which treated animals have been grazing
could be subsequently managed in a way to reduce the free-
living larval population and consequently the probability of
any resistant worm genotypes contributing to the next par-
asite generation. Depending on options at the farm level,
this could be achieved by grazing the area with another
livestock species such as sheep or horses; by taking silage or
hay from the ﬁeld the following year; by ploughing the pas-
ture and planting crops or by grazing untreated, immune
cattle.
1.3. Value of extended long-action parasite control in
cattle in research
It was  recognised in the 1960s, following the introduc-
tion of safe and effective anthelmintics, that parasiticides
provide invaluable tools in parasitology research, because
ﬁeld studies can be conducted in which valuable data can
be generated from comparisons between naturally infected
and treated animals (Brunsdon, 1966). This study model
permits the evaluation of various control programmes and
their impact on epidemiology, disease and performance.
The veterinary parasitology literature since the 1960s is full
of examples of such studies.
While much useful information can be gathered from
the conventional use of anthelmintics, for some subjects,
very high levels of contrast are required through the
creation of groups of cattle with essentially no parasite bur-
dens. This model typically requires multiple, short interval
anthelmintic treatments (Diaz-Torga et al., 2001; Lacau-
Mengido et al., 2000; Mejia et al., 1999). Extended activity
products can reduce the need for repeat treatments and
associated handling and can provide high levels of parasite
control for several months, thus providing invaluable tools
to address many fundamental and applied questions in cat-
tle parasitology; examples include Entrocasso et al. (1986),
Forbes et al. (2000),  and Taylor et al. (1989).
arasitoloA.B. Forbes / Veterinary P
In conclusion, long-acting anthelmintics are useful con-
tributors to the control of parasites on many farms, where
they ﬁll an important niche. Eprinomectin ERI possesses
several unique features that can be advantageous to veter-
inarians and cattle producers. It provides therapeutic
efﬁcacy against many common nematode and arthropod
parasites of cattle and prevention from reinfection for 100
days or longer. Administration is by a single subcutaneous
injection at a site anterior to the shoulder and requires no
speciﬁc handling or administration equipment, thus allow-
ing for ﬂexibility in use.
It can be used conventionally as a long-term
anthelmintic treatment for groups of calves, stockers
and adult cattle under various husbandry conditions and
according to local parasite epidemiology. Eprinomectin
ERI also can be used to monitor the impact of parasitism
in a sentinel group of cattle. In addition, the product has
attributes that make it an ideal tool to selectively alleviate
the negative effects of parasitic gastroenteritis on perfor-
mance in susceptible animals and to treat individuals that
have high FECs in order to reduce pasture contamination.
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